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High	
  Resolu,on	
  Model	
  Development	
  	
  
Scien,fic	
  Goals:	


• Developing	
  improved	
  models	
  (higher	
  resolu,on,	
  improved	
  physics,	
  
reduced	
  bias)	
  for	
  studies	
  of	
  variability	
  and	
  predictability	
  on	
  intra-­‐seasonal	
  
to	
  decadal	
  ,me	
  scales	


• Explore	
  impact	
  of	
  atmosphere	
  and	
  ocean	
  on	
  climate	
  variability	
  and	
  
change	
  using	
  a	
  high	
  resolu,on	
  coupled	
  models	


• New	
  global	
  coupled	
  models:	
  CM2.4,	
  CM2.5,	
  CM2.6	
  

Ocean Atmos Computer Status 

CM2.1 100 Km 250 Km GFDL Running 

CM2.3 100 Km 100 Km GFDL Running 

CM2.4 10-25 Km 100 Km GFDL Running 

CM2.5 10-25 Km 50 Km GAEA/GFDL Running 

CM2.6 4-10 Km 50 Km GAEA Running 



Coupling on Oceanic Mesoscale in Western Arabian Sea	



Observed coupling	


(Vecchi et al 2004, J. Clim)	



Resolution enhancement allows model to better represent processes	





Some Aspects of Tropical Climate Improve with Resolution	



Adapted from Delworth et al (2012)	



Annual Tropical Precipitation on 2.5x2.5 Grid	





Some Aspects of Tropical Climate Improve with Resolution	



Adapted from Delworth et al (2012)	



Near-equatorial Zonal Winds	





Some Aspects of Tropical Climate Improve With Resolution	



Delworth et al (2012)	



Structure of tropical SST variability	



SSTA Standard deviation (°C)	





South Asian Monsoon Rainfall Improves with Resolution	



CM2.1(lo-res)	

 CM2.5(hi-res)	

 TRMM(1998-2010)	



Delworth et al (2012)	





Enhanced Resolution and Coupling Improve Asian Monsoon Rainfall	





Intraseasonal Variability	



• Physics	



• Resolution	



• Coupling���
���
MJO improvement from one can depend on 
the others.	



Daehyun Kim (LDEO, Columbia U.) and Bill Stern (GFDL)	





Coupling appears to improve GFDL high-res model’s MJO	



Figure: Daehyun Kim	


(LDEO, Columbia U.)	





Impact of Physics: AM2.1 vs. HiRAM	
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Impact of coupling: HiRAM C180 AGCM vs. Coupled	
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Response to 2xCO2	



• Global-scale response (with a few exceptions) similar between 
high and low resolution models	



• High resolution model has higher climate sensitivity and 
warms more quickly. 	



• Southern Ocean warms robustly in high-res model, but not 
in low-res model	



• Regional rainfall response can differ considerably	



• Must understand sources of difference in order to judge 
relative plausibility.���
             Higher-res does not necessarily mean “better”.���
	





Indian Ocean 1950-2000 SLP changes in an SST-forced 
AGCM differ from observed changes	



[13] To check the SLP trends shown in Figure 1b we
computed a similar figure using the Kaplan data set (not
shown). Over the Indian and Pacific Oceans the pattern of
trends is very similar. There is a difference in the southern
Atlantic, where the increasing SLP suggested by HadSLP1
is not seen. As noted in section 2, HadSLP1 incorporates
additional data not included in the Kaplan analyses. To
provide a further check we examined some individual SLP
records for land stations in and around the Indian Ocean.
The picture from these records is not entirely consistent. So,
for example, records from Singapore (104!E, 1!N) and the
Seychelles (57!E, 5!S) shows clear positive trends, whereas
a record from Sri Lanka (81!E, 6!N) shows no significant
trend of either sign. However, land stations in the Indian
Ocean are, of course, few and far between. Given the highly
coherent pattern of increasing SLP suggested by Figure 1b,
and the comparatively large numbers of marine observations
(detailed in section 2), we see no reason to doubt the
conclusion that the Indian Ocean region saw a general
increase in sea level pressure over the period 1950–96.
[14] We also examined the seasonal variation of the SLP

trend. While there is seasonal variation, the large scale
pattern of decreasing SLP over the central Pacific, and
increasing SLP over the Indian and Atlantic Oceans is
found in all seasons. Note that increases in sea level
pressure over the Indian Ocean in the boreal winter season
(DJF) were also shown for the period 1955–2005 by Gillett
et al. [2005] using reanalysis data.

4. Simulated Trends in SLP

[15] Figures 1c and 1d show the ensemble mean SLP
trends (1950–96) from the two experiments with HadAM3.

Both panels show decreasing SLP over the central Pacific
and increasing SLP over the north Atlantic, consistent with
observations. These simulations also reproduce a positive
trend in the NAO index (not shown). However, in contrast
to the observations they exhibit negative SLP trends over
the Indian Ocean. These negative SLP trends are significant
over most of the western Indian Ocean in the experiment
with SST forcing alone, and primarily over the southwest
Indian Ocean in the experiment with all forcings.
[16] Figure 2 shows the trends in ensemble mean precip-

itation from the two model experiments. Comparatively
rapid increases in precipitation are seen over the central
Indian Ocean, overlying the region of most rapidly warming
SST. These increases are very similar to those seen in other
atmospheric GCMs [see Hurrell et al., 2004, Figure 7]. It is
likely that the decreases in SLP seen in the HadAM3
experiments are a response to increased latent heating
associated with the increased precipitation. In particular,
the strong negative trend seen to the east of Madagascar in
Figures 1c and 1d is located to the southwest of the main
centre of increasing precipitation in an arrangement sugges-
tive of a Gill-type Rossby wave response [Gill, 1980]. There
is no sign of such a response in the observed SLP trend
(Figure 1b).
[17] Thus far we have examined ensemble mean trends.

Perhaps the variability between ensemble members is large
enough to encompass the observed trend? Figure 3 shows
SLP trends averaged over the whole of the Indian Ocean for
each of the ensemble members (both experiments) and from
the two observational data sets. It is immediately apparent
that both estimates of the observed trend lie far outside the
range spanned by the individual ensemble members. The
estimates of the observed trend are +0.009 hPa year!1

(Kaplan, average over sea points only) and +0.014 hPa
year!1 (HadSLP1, average over land and sea points). By
contrast, the HadAM3 experiment with SST forcing only
exhibits a trend of !0.0079 ± 0.0014 hPa year!1 while the
experiment with all forcings exhibits a trend of !0.0057 ±
0.0013 hPa year!1. It appears that the direct effect of
external forcings does act to weaken the trend of decreasing

Figure 2. Precipitation trends during the period 1950 to
1996 from: (a) HadAM3 forced with just SSTs, and
(b) HadAM3 with all the forcings. The colours are the
average rate of change in precipitation and the stippled areas
show where this rate of change is significant. All plots are
computed from ensemble means.

Figure 3. Average trends in SLP in the Indian Ocean
(30!E–130!E, 20!N–30!S) for the period 1950 to 1996
using all the ensemble members of HadAM3 (including
those forced with (top) just SSTs and (middle) those with all
the forcings). Observed trends from HadSLP1 and Kaplan
are shown as the bottom bars.

L19712 COPSEY ET AL.: RECENT TRENDS IN SEA LEVEL PRESSURE L19712
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Copsey et al. (2006, GRL)	



GFDL-CM2.1 CGCM shows an SLP increase over this period 
when forced with radiative forcing…but different model.	



1950-2000 
trend in 

Indian Ocean 
SLP in obs 

and HadAM3	





Global Surface Temperature Response to 2xCO2	



Delworth et al (2012)	





Global Surface Temperature Response to 2xCO2	



Delworth et al (2012)	



CM2.1���
(lo-res)	



CM2.5���
(hi-res)	





Global Zonal-mean Response to 2xCO2	



Poleward jet shift	

 “Wet get wetter, dry drier”	





Equatorial Zonal Wind Response to 2xCO2	



Equatorial winds 
weaken in both 
models.	


	


Location of 
weakening in 
Pacific different.	





South Asian Monsoon Rainfall Improves with Resolution	



CM2.1(lo-res)	

 CM2.5(hi-res)	

 TRMM(1998-2010)	



Delworth et al (2012)	





South Asian Monsoon Response to 2xCO2	



Response model dependent, hi-res model shows orographically-tied features	



Why is response different?	





Response to 2xCO2	

 Figures: Takeshi Doi	





Enhanced interannual anomalies of 
WGI rainfall	



CM2.5-2CO2	



CM2.1-2CO2	



CM2.1-CTL	



CM2.5-CTL	



CM2.5-CTL	


CM2.5-2CO2	

CM2.1-2CO2	



CM2.1-CTL	



Figures: ���
Takeshi Doi	



Monsoon Variability Changes from CO2	
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Kim et al. (2012, in prep.)	

Figures: Hyeong-Seog Kim	



Tropical Cyclones in CM2.5	





CM2.5 TC Response to 2xCO2	
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Kim et al. (2012, in prep.)	
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Tropical Cyclone Response to CO2 in CM2.5	



Figures: Hyeong-Seog Kim	





Summary	


•  New high-resolution coupled climate models being developed and run at GFDL.	



•  Enhanced resolution important both to resolve phenomena/features (cyclones, orography), 
and to resolve processes (eddies, etc).	



•  Some aspects of tropical climate improve from increasing resolution: tropical precipitation, 
near-equatorial winds, structure of interannual SST variability, monsoon rainfall.	



•  Some aspects of large-scale response to CO2 similar in climate models with very different 
resolution, but others differ: in hi-res model climate sensitivity larger, southern hemisphere 
warming stronger, more eastern equatorial Pacific warming, weakened equatorial Pacific 
easterlies more to the east.	



•  Regional precipitation response to increased CO2 can differ fundamentally between models 
of differing resolution. High-res model shows orographically-tied features: what are 
mechanisms for various differences?	



•  Why do models differ? Is one of the responses more plausible? ���
          Higher resolution does not necessarily mean a “better” model/response.	




